,., Auger peak intensities in the compounds studied can be used for quantitatve determination of the ch~rilical composition at the surface. Finally, using the observed chemical shifts and oxygen to vanadium Auger peak intensity ratios of the different vanadium oxides, the oxidation of vanadium metal was monitored as a function of temperature and the oxidation state of the vanadium atoms was observed to increase with temperature.
II.· EXPERIMENTAL
A stainless steel ultra-high vacuum apparatus that can be used for both AES and low energy electron diffraction (LEED) studies of surfaces was used in this investigation. Experimental pressures of 1 x 10-9 torr were achieved using ion and titanium sublimation pumping. The AES-LEED chamber contained facilities for sample manipulation, noble gas ion bombardment, electron bombardment and/or resistance heating of the sample(s), and a manifold-leak valve suitable for the introduction of pure gases into the system. The retarding field energy analyzer was a four-grid electron optics (obtained from.Varian Associates) which also contained the normal incidence electron gun used for low energy electron diffraction. Although the chamber was also fitted with a high voltage-high on the high energy side remains constant. The intensity contained with-, in a di/dV peak has been shown to be proportional to the peak-to-peak .
Since the low energy side of the Auser to grain boundary effects) were on th~ order of 10 3 ohm em. Two of these pressed powder samples were etched while the other two were untreated.
The oxides were _wrapped in vanadium foil, leaving only the area to be probed exposed; the foil was then spot welded to the sample holder.
After a 150°C bakeout of the vacuum chamber, the samples were .
typically cleaned in ~by bombardment with 300 volt Argon ions· (5-10 ~a for 30 minutes) followed by annealing at temperatures varying from 300-700 °C.
-
A. Vanadium Metal
The vanadium (100) metal surfaces that had been ion bombarded and underwent a mild heat treatment as, described above displayed the ( 12 the valence band consists of a mixture of the 4s and 3d states, and it has been calculated to be 6.8 eV wide 13 arid to contain high optical density of states peaks' at . 14 0.6 eV and 1.6 eV below the Fermi level.
The di/dV and d 2 I/dV 2 Auger spectra of vanadium metal are shown i·n v. These were chosen because they (1) v transition peaks in the di~~erent vanadium oxides were meas- .. v peak will approach zero and any observed shift will be mainly due to the changes occurring in the valence band. Because vo 2 is the only one of these oxides that was in~its semiconducting state {i.e., below its s~miconductor-to-metal tz:ansition temperature) at room temperat~e, . -17- • 'J, . -
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